INTRODUCTION
Wind power is rapidly growing in the world. For 
WIND ENERGY CONVERTER TYPES
Two principal converter types are on the market: asynchronous generators with direct network interconnection and synchronous generators with converters. Both types will be compared in their network interconnection characteristics.
Double Fed Asynchronous Generator (DFAG)
Wind generators with nominal power above 1.5 MW tend now to have variable rotor speed. This is achieved by a soft momentum characteristic of the asynchronous generator with a nominal slip of e.g. 12%. The rotor is fed by a four quadrant converter which [3] enables a flexible power factor and voltage control. In the simulation model a Vestas V80-2.0 MW OptiSpeed TM was taken as basis with a nominal generator speed of 1.500 r/min and an inertia time constant of generator, gear and rotor of T A = 5,8s. Wind generators of other manufacturers have similar behaviour, so the aim of the simulation is to investigate the typical characteristic independent of the type of wind generator. In case of an external network fault the rotor is short circuited to protect the power electronic. After clearing of the fault by network protection the generator takes for about 250 ms the double or threefold nominal current from the grid for recovery of the magnetic rotor flux. After returning to about nominal current from the network, the power electronic is activated again for control of power factor or voltage. For the double fed generator and the power electronic a simulation model, based on Park's equations and the main characteristics of the controllers is established, to investigate the electromechanical and electromagnetic behaviour of wind parks. fig. 1 Network interconnection of DFAG [1] The network interconnection in fig. 1 consists of transformers of nominal power of the wind generator, which can be considered as worst case situation. After a short circuit at the point of common coupling (PCC) the voltage recovery is shown in fig. 2 , the current in fig. 3 , the active and reactive power in fig. 4 and the rotor speed in fig. 5 . The generator remains stable and no voltage collapse
occurs. This is a consequence of the low short circuit voltages of both connection transformers which have in total only 10%.
During the recovery about the double of the nominal power is drawn as reactive power resulting in a voltage drop of only -20%.
fig. 2
Voltage during short circuit of 150 ms duration [1] fig. 3 Current during short circuit [1] fig. 4 Active (upper) and reactive power (lower curve) [1] fig. 5 Rotor speed during short circuit [1] Only in case of an unrealistic network design with high short circuit voltage (e.g. 2x15%) a voltage drop of about -40% to -60% could occur.
Synchronous Generator with Converter
The control system of synchronous generators with converter can be designed for short circuit limitation. Fig. 6 shows the behaviour during a short circuit with a voltage breakdown to about 30% of the nominal value.
The short circuit contribution of the wind generators is limited to 1.1 of their nominal current. After voltage recovery the active power output can go back to the original value within some periods. 
GRID CODES FOR NETWORK INTERCONNECTION Grid Code for Wind Generators
In some parts of transmission systems and regional high voltage grids, wind parks play a significant role. For limitation of the network interaction in some networks the following measures are agreed between network operator and owner of Wind Park:
• Power factor control (cos φ = 1) in normal operation • Possibility of voltage control • Reactive power delivery during short circuit • Possibility for reduction of active power • Active power delivery immediately after fault clearing • Maintaining stability without disconnection during faults
In the beginning of wind power, there was a tendency to disconnect wind generators in case of network disturbance. Today wind generation has become prominent in some regions and the tendency is to keep the wind generators as long as possible interconnected to the grid to contribute to reactive power and to short circuit power of the grid and to maintain active power immediately after fault clearing. There are no generally accepted recommendations but individual agreements in different network areas.
Grid Code for Transmission and High Voltage Networks.
Wind Parks with a nominal power of about 100 MW and above are requested to behave to some extend like a conventional power station. They should participate in power control, voltage control and providing short circuit power for network stability [4] .
Power-Frequency Control requirements. Wind generators should contribute to active power at low network frequency, as shown in fig. 7 . In case of frequency above nominal value they should reduce the active power to contribute to network stability [4] .
Short Circuit Contribution.
The disconnection of wind generators should delayd be in case of a short circuit to give them the possibility to contribute to short circuit. This means
C C I I R R E E D D
that the fault should be cleared by selective and fast acting network protection. Above the full line (shaded area) of fig. 8 a disconnection is to be avoided.
fig. 7
Recommended contribution of wind generators to active power [4] fig. 8 Recommended contribution to short circuit and voltage control [4] 
VOLTAGE STABILITY IN WIND PARKS
The wind park shown in fig. 9 is investigated. It consists of 36 generators of 2 MVA each, giving in total 72 MVA. Two fault situations are investigated:
• Three pole fault at the point of common coupling (PCC) of a group of 12 generators, • Three phase fault at the network interconnection (N).
fig. 9 Wind Park with 36 generators, Schematic Diagram

Fault on a Group of Generators (at PCC).
Here the generator group at the PCC is subjected to a total voltage drop. The other two groups will see a partial voltage drop, which is influenced by the network impedance on the interconnecting point of all three wind parks and the impedance the cables of each group to this point. As can be seen from fig. 10 the wind park remains stable. The generator group which is subjected to the short circuit shows a high contribution to the short circuit. Here also the speed (last picture in fig. 10 ) is higher. The other groups have low voltage drop and nearly nominal current during fault.
Fault on the Network Interconnection (N).
In this case all generator groups have the same fault conditions. This forms a more severe fault. As all asynchronous generators see a high voltage drop all groups draw after the clearing of the fault a high restarting current. This results in a voltage collapse of the whole wind park, which a recovery time of about 700 ms ( fig. 11) . According to the recommendation of fig. 8 the wind park should not be disconnected by protection! The current of the wind park and the speed are shown in fig.  12 and 13. 
FUTURE TRENDS IN VOLTAGE STABILITY
As has been shown, the asynchronous generators contribute during the short circuit duration significantly to the short circuit with up to double or threefold nominal current. After clearing of the fault, they draw a significant current for flux recovery.
The network behavior could be improved, if the generators are switched off, after clearing of fault to avoid recovery currents [3] . They can then be resynchronized individually after some seconds. This would avoid some voltage problems but would necessitate resynchronization.
To individually. This could be done automatically.
As typical onshore wind park have full load hours of about 2.000 to 2.500 hours per year and annual rate of short circuit faults is low, a more economic view of the measures shown previously is necessary.
